Purpose. To evaluate the outcome of osteoplastic laminotomy after excision of primary tumours of the thoracolumbar and lumbar spine. Methods. Records of 10 male and 11 female consecutive patients aged 15 to 57 (mean, 37) years who underwent osteoplastic laminotomy for excision of spinal cord tumours in the thoracolumbar (n=13) and lumbar (n=8) spine were reviewed. After tumour resection, the removed posterior elements were reattached to the superior and inferior processes using anchoring sutures. Pre-and postoperative functional status was retrospectively graded according to the modified McCormick scale. Spinal deformities were classified as sagittal and coronal malalignment, segmental instability, and spondylolisthesis. Results. The mean follow-up duration was 43 (range, 12-108) months. The mean number of laminae
excised was 1.3 (range, [1] [2] [3] [4] . At the final follow-up, the modified McCormick scale score improved in 16 patients, remained unchanged in 4, and deteriorated in one. No patient developed any severe complication, recurrence, spondylolisthesis, or aseptic necrosis of grafted laminae. In 2 patients their spinal deformities became worse: one had segmental instability of 17º at L3-4 secondary to non-union of the L3 lamina; the other (with type-I neurofibromatosis and dystrophic deformity) underwent fusion for severe low back pain and lumbar kyphosis and progressive rotational dislocation, despite union of the grafted L2 lamina. Conclusions. Osteoplastic laminotomy preserves the structures that could be important for spinal stability and may reduce the risk of deformities. Anterior strut grafting and posterior fusion may be necessary in neurofibromatosis patients with dystrophic deformities.
INTRODUCTION
Laminectomy enables a direct approach to spinal cord tumours and wide exposure of the spinal canal. It can be extended intra-operatively either rostrally or caudally, in which case the protective role of the posterior arch is lost. Iatrogenic instability, subluxation, pathological kyphosis may occur after laminectomy, especially in children or when the facet joints are removed. [1] [2] [3] Osteoplastic laminotomy may prevent such complications. 4 It enables anatomic reconstruction of the posterior arch after excision of the spinal tumours so as to prevent postoperative kyphosis in children. 5, 6 Its use in adolescents, young adults, and adults with various spinal diseases in mixed regions, age groups, and pathologies has been reported. 7, 8 We evaluated the outcome of osteoplastic laminotomy after excision of primary tumours of the thoracolumbar and lumbar spine.
MATERIALS AND METHODS
Records of 10 male and 11 female consecutive patients aged 15 to 57 (mean, 37) years who underwent osteoplastic laminotomy for excision of spinal cord tumours in the thoracolumbar (n=13) and lumbar (n=8) spine between 1993 and 2006 were reviewed. No patients had had previous spinal surgery. 16 patients had an intradural extramedullary and/or caudal tumour and 5 had a dumbbell-type tumour (4 of whom were treated with a combined anterior and posterior procedure). Histological diagnoses included neurinoma (n=18), epidermoid cyst (n=1), malignant peripheral nerve sheath tumour (n=1), unknown (n=1), and neurofibromatosis type I (n=2).
The spinous processes, laminae and their interconnecting ligaments were removed en bloc. The laminae and ligamenta flava were cut medially to the facet joints using a T-saw ( Fig. 1 ). 7 The supra-and inter-spinous ligaments were preserved as much as possible. After tumour resection, the removed posterior elements were reattached to the superior and inferior processes using anchoring sutures ( Fig. 1 ). Proximal facet joints were carefully spared.
Pre-and post-operative functional status was retrospectively graded according to the modified McCormick scale 9 (Table 1) . Spinal deformities were classified as sagittal and coronal malalignment, segmental instability, and spondylolisthesis. Spinal alignment (the Cobb angle) was measured using standing radiographs. Hypokyphosis and hyperkyphosis were defined as an angulation of <10º and >40º in the sagittal plane, respectively. Hypolordosis and hyperlordosis were defined as an angulation of <40º and >60º in the sagittal plane, respectively. 10 Scoliosis was defined as an angulation of >15º in the coronal plane. Segmental instability was evaluated using hyperflexion and hyperextension dynamic radiographs and defined as an angulation of >15º in the sagittal plane. The presence of spondylolisthesis and aseptic necrosis (evident as bone resorption, collapse, or sclerotic changes in the reattached laminae) was assessed on plain radiographs. Curve correction and fusion was performed for patients with radicular symptoms, marked back pain, or functional limitation.
RESULTS
The mean follow-up duration was 43 (range, 12-108) months. The mean number of laminae excised was dystrophic deformity) underwent fusion for severe low back pain and lumbar kyphosis with progressive rotational dislocation, despite union of the grafted L2 lamina (Fig. 3 ).
DISCUSSION
Single-or multi-level bilateral laminectomy has been used as a means of approaching the spinal canal to remove spinal cord tumours. 1 However, bilateral disruption to paraspinal muscles, ligaments, and the spinous process may cause spinal instability, deformities, and even pain as well as neurological and functional compromise, 11 particularly in children. 12 Osteoplastic laminotomy prevents postoperative deformities in children and achieves more favourable outcomes than laminectomy. 6 Adults with normal spinal alignment rarely develop deformity following resection of spinal cord tumours, 13 but this assertion remains controversial. 14 Osteoplastic laminotomy preserves the structures that appear to be important for spinal stability. 15 Disturbance of the posterior structures may result in failure to counterbalance the anterior bending force. Once developed, kyphosis tends to be progressive, especially in the thoracolumbar spine 16 ; the initial kyphosis increases the anterior bending moment. Therefore, osteoplastic laminotomy could reduce such a risk. Bony union of the reattached laminae is critical for re-establishing anatomic integrity. Computed tomography should be used to evaluate bony union, because it is more accurate than radiography in assessing non-union and aseptic necrosis of reattached laminae.
Pre-existing spinal deformities also affect the progression of postoperative deformities. 10 to 50% of patients with neurofibromatosis also present skeletal disorders, mainly as dystrophic or non-dystrophic deformities of the spine. 17 Dystrophic deformities manifest early and may lead to kyphoscoliotic deformity, 18 with weak bone structure. Therefore, anterior strut grafting and posterior fusion is recommended for neurofibromatosis patients with dystrophic deformities.
